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z Tn an éetienry solid solution, the @4fferent snectes of atemea are 
arranged st random on the atomic positions of the lattices, Ata ativen 
4 composition AB, any indtvidu 1 lattice roint ts seounied indifferently by 
either A or B atoms, Until comparatively ree-nt times thie rurely random 
affair was thought te apply in all instances; no order tn the atomte 
Arrangement was surmised, wowover, in late years, it has been determined, 
' larrely throuch Keray diffraction, that in = multitude of cases the atone 
are arrenged in as definite a wy as are the two digverent elements of an 
fonie salt, — 
-Bimangely enouch, the carifest prediction of ordered structure was 
“Rot based on X-ray evidence, but on chemical experiments, by Tamsan ( 322, 
BD). He count that suttevty treated Goad allove of erester than 60 
. atomic % Au wore resistant to HMO3, With less Au, the Gu atoma of the sol - 
ution wore @Lesolvea but the Au atoms «ere not, Qn the beste of thie 
_ @¥idence he concluded that a 50 atomic % cu-Au @lloy contained an ordered 
“arrangement, Of atoms, and any extra Cu atoms aid not cit in the ormantane 
has 8© were readily ronoved, 
< Wier. the final evidence of the existence of ortered ar- ongenente, 
rn ttle ¢ 18 furnished by the mrecense of “superstructure lines” 
7 ttttractis patterns, The eerliest supcrl tice Lincs were 
Be n (Rem, 23 of 239) for Cug Au and by Phraemen (Ret, 258 of 
st. Tokansson and Linde (Rer, 254 of 239) are resronsible for 
jt anayste of an orverad atrvebure trom Its X-ray pottern: they 


as completely os 1s powsible with unlike neichbors, in others they stop 
- definitely short of thie limit, 
Superlattioes form at relatively low temverstures, As the tampera- 
ture inerosses, the first effect ie only » greter amplitude of thermal 
wibrotion of the atoms about their equilibrium positions, When this effect 
‘becomes large enough, occasional pairs or amll grours of «tome acoutre 
sufficient energy te break aeay from their »laces in the lattice and tn- 
terchange vositions with exch other, At 21] temperstures ebeve a certain 
| ePitionl value the usunl randommess persists, As the temversture ts 
Aewered through the eritioal soint. order sete in, inereasing ac the 
_ temrereture drors, end ap rosehtng verfeetion only at low temmerature, 
Surrese we form an 4lloy by ‘ntroducine inte « pure metal atoms of a 
different uetal, If the atoms of both tyses are then allows! te a4 fust 
their positions and oryst:1 structure util stable, thermodynamical 
 equilitrium is obteined, The free onerzy of the system retuees to tte 
ee velue. 
| Atoms are said to attract one another if the internal snerey of the 
dia becomes lowered «hen the atoms are redistributed amone the atomic 
- ottes: fin such a way ae to inercese the number of dissimilar atoms thet 
7 
tom ‘nearest neichvors, If dissimilar atoms att-act esch other to about. 
“the came extent as simtlar atoms, then exch atom is relatively tndirferent 
y the: (of neichbors 4% pocsesacs, The teo ol: asus of atome behove se 
. aimiler And the mixture becomes h omoceneous down to atomte 
m6 oe sonié oan fe the result, If dissinil«r otome 


yt Seg 


Kind, in order to obtain © mmxtmum number of {{ontmilar atoms as nearest 
' neighbors, In true metals, with similer electrochemical ohn aoteristios, 
‘the resulting structure is usuelly an ordered solid selution or suner~ 
lattice, , . 
Si Order can be subdivided into two caterories, It can be desert bed 
from a local point of view, with reference to the tendeney of atoms to be 
surrounded by unlike nei¢hbors, This phenomenon ts refer-e4 to as short 
_ wange order, Ifthis inelinstion extends tor many interatomte distances 
“Ana latter, atoms of one kind will be segreested on one sot of atomfe 
positions, leaving »tems of the other kind to the remainine rositicns, 
| The result nt array can be desoribed ay a lattice of A atoms interrenetra- 
ting @ lattice of B atoms, This se¢rer tion of stoma to navticulor sites 
takes place with little or no lattice deformation. but rives an or’ ered 
 g014d solution -+ 8 surerl:ttice dicriaying lene range orter, 
It ie evident thit a perfe:tly ordered solution can only secur when 
i the ratio of the numbers of ditrerent «toms in the alley is a simple one, 
sinee the altermtion of the dissintler atoms through the st-ueture 
mais an exact and simple ratio, Thus, today's weil founded surer- 
: are. pemerves in either a 321 or 181 ratio, In systems showtne 
ibe at anoh ratios, partial or imperfeet order {ts often 


tho: dike tt todos. occur only when the alloy system forms a 
i ecg ea over a ronge of composition whieh inéluded et 
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pe a ani neato of @ stperl«ttion miy be regnrdea as a pecears in 

e RN ibid atinsn rrodueed by the solute clement in the random 

solid solution is veduesd by the form tion of an ordered structure, - 

Provided, then, thet the solvent and solute «toms are of suf fictently 

- similar size to permit the romtion of a wide soidd solution. the 

- tendency to form superlattices ineveases with tnoressing di¢ference in 

atomic aipmeters, since the gre ter this difference, the crevter the 

‘ strein to be relieved, Apart from this simele effest of atomic tta- 
meter, ‘the formtion of « su erlettice is favored by inere sing electree 

ghemical factor, It is probible, therefore, thet there ts « eontinucus 
raize, from surerlettices Involvins only the metalife bond ant *ormed 
merely to ~elfeve the Inttiee strain ~esultine from atoms of unseual 
size, te superlettices with ineressine deaerees of tonite bonding, 

Theoretical treatments of sure Listttocr b= ve beon mde by a horte 

ef Investig: tors, The firet work was the »reduct of 1 bore uting 
formal thernodyn-mto relations as a basis, More resent wor used 
_ siete Qseumrtions avout atomic vorcoa and ol oul-ted quantitative 

results which compared with experiment quite favo-ably, Any rel 

analysis or this work would be qiite extensive, so brie? mation of 

4 the most Amportent theories only »11) be mae, 

et: = “Brace and WILLLoms used as the basic goneert of thelr theory, lone 

Wi ante | They + seumed that V, the energy to effect on imterehance of 
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| with, sometines without, a latent het, The absence of short 
range onder from thin theory is a defect, sinoe 1t seams certain 
that the principal intersetions in eryeteis sre between very close 
i ef _ A Logical develorment of superl»ttioce theory is there ore to 
consider a consept of order th=t concerns only nec rest neighbors, 
and to compute ordering enereios b cod on nearost nefehber inter- 
actions, Theories b sed on this roint of view have been adv need 
r by Bethe and extended by several] others, especially Peierls, As 
long aistonee order ic defined in terme of the number of right atoms, 
96 short range order is defined in terms of the number of richt 
pairs (right reir being one of unlike atoms -~ an AB mir). 
With the ‘orecoine condensed sumer ry of the order+disorder 


geoneert ac « b ekereund. let ue proceed to complie a list of alleve 
“Which verfous authors have found te exhibit the com tion of a wipes 
Z Anttice, The data presonted ic the result of a Literature survey by | 
ae eovering from 1938 throuch the present dite, Quite fre 
quently, the paper from which the infommtion ws compiled cives but 
| 7 | very skotohy date on the recetion, Sueh systems are conerslly men~ 
Dashade side issue in a psper on some subject quite remote 
apie cheated topie of order-disorder reactions, Similarly, 
3 Listed hewe been reported as “ormine a superlattice by 
ry with no confirmtion by others, The score of the | 
: SPR v5 a Svs <7 Corigne, aversion 
h is Inckine,_ Consequently, the 
us me ; a be bee re: witheus 
be i o i A 


munant b to its sofentitic authenticity, ¢ 

PhS systems will be eomriled in alphadetice] orde-. usine the 
with highest alrhabettes? sequence of reosenteet Buclish 

_ sotentt rte name (not symbol), rem rdless of freetion >vesent in the 
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’ A superstructure has deen re orted (Ref, 37¢ of 239) cer tetra- 
OY qhmak Ont 12. This structure forms uran the body-centered oubdie 
Matters Ir wo consider planes of the (100) tyre, which are cormed 
_  @itternately of oube corners and of cube centers, we Cind thot every 
| third piene eontains Al atems and the remeinine plenos Gr atom, 
bide A tupertattios Structure me found (*8) in the Bote hese for 
 ttoye ete tae en $0 atomte 4 Al quenehed from 800° 4, 
: Punt tien’ 
3 ‘Bquilivrie have beer show (24) in quast>teory diagrane tor Mt. 
Tea tenes of sian, emnno, 90450, ant s0n00. ™ this region there 
SPO cour phages, of vhieh the A'te POC, ordered, and Beta is BOG, 
rieret, Thet'phose in the Mi=Al system at about 13% Al oxtends to 
a | BF G0 wt 100086 una 34 Co wt 200 6 tn the ternary retan 


; 
i. 
ce 
le 
| A bate A iiaglhembaitiadnen Cu- 
i tae, Sete De # sretep, 66 earsn, tape 
‘te Fat 
vines oofnoident ith the (100) 


“i” ame " 
| denis tort aes: eagle 
Mn Cae nis 


e- 
* 


a 


Oe Pie 


| The Housler alloy, CugmmAl. in the ferramernetie condition is 
bg Miehly ordered (Ret. 348.3." of 239). The ordered stete recite from 
a rapta eoeline from a 60000 anne Line temverature, The suver 
| structure atoms are 4tatribited in a BoC ooll, 


ke ie aided to the BCC Fe lattice, the 11 atoms remlace Fe 
atoms at random until a composition of 16% Al is reached, Here, the 
etithe a atoms cause a d4iffuseness (Ref, 3A of 239) att thuted to 
the onjset of order in the annealed alloys, At 25% Al, slow cooline 
produces the ordered Fez Al lattice in which not only the nesrest 
neichber of an atom, but also its noxt newrest neichbors aro unlike 
atons, “In the Fez Al lattice, Al atoms trke such rositions thet, 

in collowing the BOC lattice alone © cube tierons1, one meete Al ates 
» eittveraents sm 3l qube (BOC) centers, On addition of further Al, 

+ ’ “solute Al atoms besin *o C111 fn the conte « of the atditfonal 
home AG Fe Al, doth rar’ div enole4 ond annealed allove ace 
@ an ordered structure of the C. G1 tyre, with eubde centers 

jo or A atoms on? ‘the corners by Pe atoms, 


ewidence of ordered and disordered he ees 
Pile Ae An alloy of Te, Mi (1@s30¢), end AL 
u © + 1250° ©, and aunevLed at 65000. de« 
loved Ketel waster 
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; Fe 1 endion $ fren above 1200 6 at © controlled rote, deocmposttion of 
A Ante L +A + Secours at 7 00° G below this temperature ordering 
or A! ooours, 
Mi+ al 
In an elloy of m6 atomic ¢ Al, the Beta rhase undercoss 
partial dic-raering ot high tenrorature and becomes duplex, The 
ordered structure is of the eubie cs cl type (269). 
- bd te e 
Be thee stace (136) in precipitetion in Ae=Al alloys ip the 
of Ag atoms tm nuclei with partial order tn Al atone, 
Gu = sp 
Alloys with 60 ~ 64.04% Cu consist of homoceneous Beta phase, 

& cuble structure with 14 atoms per untt #11; lattice mramete> ts 
$914 A, An orderly avrenement (3) resesblins the Fe Aly structure * 
fs Seseribed, It corramponds to the *ormila Cuy9 gn), (Cu, sb), 
Ordered arracements of Mn Sbz and Mg Sb heave been cenorted, but 
the author hae no Speeific inrormtion on thes- structures, 
it + Bb 
p The formtion of 2 sucerlattic- trom the A Tha is confirmed 

(288). The ordered structured | (Nis Sb) aprears at 4400 Cy its 

Par re ee seameenet <8 eee ‘sever, owns is 68 @ 90 atomic ¢ Ni. The 


— hae 
ou ay Any porn exists a both hich and lew tenrerature 
aa tHons, The transition ‘9 comrleted at bi0® = 4/9° c, denond- 
an ts teri ané is interrreted «= an ovdere@isorder chonme, 
he Be : 
be « The Afeortered erystal fe BOC} the ordered atousture ta 2 owbte 
or the Cs Cl type. 
Ag = ca 
= Aw aibowe, the Aiscrdered aryste1 fe BOO; the orde-ed o-yatel te 
sae the eunte Gs Ol type, 
Below 250° C, superstructure: aprear at the comrositiona 64, 
Mg, Ca Me, and Cd Mey (2), Superlattioes heve been found with of 
panges from 74.42% to 93.55% (167), Both the Meg C4 ond Mer Cd, 
ordered structures possors the CTH Inttice. 
, oe 
The quasiviniry system, MemAe C49, oxnidits « OPH ortered 
_ strweture i> the range 97670 atomic © Mrs 
fe ome’ - in 
Fe pene A one a hac bomn resorted (167) at the composition 
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Clitewee of what fo thought to be Org pt nes been req 
ported (107), Another Author (110) finds 4 aurersteocture fm alloys 
Of 35<61,6 atomic 4 Gr on slo esoline from 13300 6, 


Fe + oo 


These alloys, in the composition rance 40«65 % Oo, order from 
a@ BOC to a cubie of the Cs Ol type, T, 2 7320 C (91), Ordercd 
Alloys exhibit « lorger lattice constant at room tomrerature than 
quenched, @isordered, mterial, owing to the lover exm-neivity of 
- the ordered alloy (96), 
Co + Pt 
_ - Sue Anvestigntor (174) finds thet a cast somple of Co Pt 
contains a mixed structu~e, POC (@ = 3,75). and BOO (a = 2.85) simte 


_ Inr to the Cs Cl cell, A quemeh from 12000 € «ensuites fn PCO struc 


ture alone. A volume deore «e of 14% when 200 forms *rom FOC {2 the 
author's pasic for eoncivding tht t>e BOC muxt heeome ordered, More 
recent papers are probably more accurate, These are in seneral 
«agreement Bhat the disoriered Isttice is a FCC with 8&5 + 3,761 « 

| -SeMby ond the ordered structure is an Au Cu «= like POT lattice with 
ae 34785 = 36818 and ¢ = 3,639 = 3,668 (109,163). %, = g2500, 

50 atomic % composition, 


7 - gelta Solution lattice, distorting it into a tetra-onl structure, 
Be Per this reaction is about 375° 6 (117), Betwoon 3700 and A080 C, 
| another structure, referred to as Cu Au IT, is stable, It ts an 
orthorhomic lateies, with two nearly equa) axes, and the third 
about ten times as long (182). At Au Cu fe found another orterine 
“process, FCC disordere’ to FOC ordered (250), Ordered An Cu and Au 
Gaz are related by an intermediate series of phases (289), At 75 
atomic $ Ou, there exist indie tions of lone rance order at 196¢ C 
p (16). At 370° C. 0,5% of the Au Cu lattice, 9,14 of the Au Cu, 
end 4% of the Aug 6u3. are not tn ordere? rositions (345). The 
eritioal rointe of these alloys cre raised by rrersure (340). 
Au-Cu-Mi 
High emeentrations of Mi do not affect transformtions of the 
Au-Ou system, The effect of Ni on Au Cuy ortering is less than with 
the Au Cu lnttice (261), 


Addition of Ax lowers the critics] temrersture of the Au-Cu 
a . system (265,164). Addition of 5% a< tnhibits ordering completely 
(sl). 


the "sala vhase Aco He 4 shows a esplet order-diaorder chang: 
both metal atoms and vacant littice roints, | 


at | in 9 608 Cu, 20% i, 20% Ma alloy fe conjectured 
seks 9 age ae ale es: ame Pie 5 
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| wien Shiai Geidate 6 te, the inven phase hae ean 
entered structure whton, for a Cup Mn Om alloy, versista at 630° © 


Two structures in this system have been found to oxhibit orders 
fine, Cu Mi ané Cu: Pt. Cu MM oriers to « cuble of the Ca C1 tyre 
trem the disordered BOC lettice. « xce>t im the range 37448 atomic $ 
‘Pa, in which the Gs C1 cubie forme from a fis rderet roc, Pa cus 
u orders from an FOC to an ordered FOC, The \atter fe slichtly (istore 
: ted trom the cubic, investing it with tetracon«1 symmetry (44), 
CuePt 3 
In this system near the 50 stomic © camresition, the Fcc 4ts- 
ordered lattice becomes oriered whombohedr 1 with alternite nlanes 
of Cu and of Pt atoms on (211) pienes, This structure hae triconal 
symmetry (Ret, 27. of 239,268), A bs atomic % Pt (268) and Cuz Pt. 
. have BOGE TOMA to ngres with this concert, Order fn the conrost~ 
ten renee $=28 atomic % Pt oxiots only below 65°C, wit the maxe 
m arttion) tomer ture at 20 otomie © Pt (93), The lowest ferree 
a ih masaed in alloys ponte in/ a ebight exeens of Cu over the 
» Alloys between 37 and 12 atomic 4 Pi change 
FCC to the Bets ‘brass tyre structure, orered BOC, 
1 disordered to ord red FOC lattice, One anthor 
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a (144). The alrne prime lettios te oriered, belne rimtler 

~ ~ 50% Au Ou alloy (FCO to oriered simrle tet-aron:2), At 
Pa. Aloha prime existe a lonz time. chancine to a cube 
alpha on tenrerine (184), Disordered bets brass fo a ~andom 266 

‘ lattioc. On ordering, a Gs Cl type BCC fe rroduced in which a, = 
a ous UA). Be de about 160° a. 
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A 5. “Pee ator x Phy te tenty ontared nose the custon teaver ture 


mts 4s another syster exhibiting a hich degree of orde- ner 


Fol Pan. 4 
= phese, with lintts of homogenéity of 47.5 to 52,0 ot 
 & 


4 8 Ce CL tyve structure of 2 atoms ver unit coll, with maxis 
— NC cio ne os -)e The ofere 
Or in on heating above 5000 C, but does not pro~ 
i poiities sins ot ae 


a 


i. iri. coe evidence indie tes a surerstructure in the 

Ang ¢ of Nis Fe (153), Superiettice lines at 71.3 atomic 
$M maw doen found (208), To is around 506° C, but the trans- 
“formtion 4s remrimbly slugcich, The renetion ts protebly of the 
. aisoontinuous type (161), ‘The disordered lattice is POC, ae is the 


2 


5 Pe The alloy (Ma Fe) Nis exhibits - ordering ve ation fn cheneine 
fren @ random FOC to an ordered Poe, 
eer 
| | OB epnealing below 650° C, Te Pd forms an ordered tetra onal 
with on axial ratio of 1ess than umtty, The surerl:ttice is most 
stable with an excoos of Pas At 60 atonte £ PA, 1% ie stable ur te 
while st.-le only to about 675° C at 51,94 Pa, ‘There exists 
< een state with the same structure (POC) = An Cu, 


"eas ee 


9 oo Ag 
| Rae Atsontared Fo PE axtete v0 4 POC ene at about 500° C (346), 
ay ter Sas ane tyre tetraronal face centered structure, 


Leas ig 
; 7 


got 00 stan ¢ ve, 15 atomte £ Pt, ant 5 atomte # Rr 
rag ome ee ee Str = ae oe 36D of 299), 


we ovtrl steers (29 
4D pe Wen 


ee ba 


a 


¥ 
, 5 é 


Py - 


, fe measurmmts (Rev, 368 of 239) indicate ordered 
phases Q 12,5 ana 25 atomic % Si, X-ray evidence (Rev, 255 of 

: ° - <hatt only the latter, the Fe, Sf ordered phose, which 

, tee BOC of the Cs cl tyre. 

or “ae ‘The beta vhese oréers throuchout the rhese rance (209) but 
“ordering is most complete in the region of 50 atomic $Me, There 
is some evid noe. but no full investicetion, ‘or a superi-ttice in 
the alpha phese in the 25 atomic © Me region, The beta phose orders 
_ from a BCS te @ BCC of the Gs C1 type. 

uf tein : 

| | The composition ln Kis @rders from @ random PCC to an ortered 

, ‘The transition temperature has not been screed uron by in- 

vesticators, Betimtes inolude 516° ¢ (326), 5200 ¢ (337), less than 

, 950° © (330), and 360«600° (165) with the remrk thet the transition 

. _— Beours over @ range, no reol eritical temrersture existine, me 

sg gaia the formation of a POT with acine at 599° © (330), 


wie 


foo, Pag Map. at 40% Mn has been reported (130), The 
observed were: FOC +9 11650 6 <9 tetr-onsl ->5300 6 


Miers 
 & eetragonal, oriered Ni Pt phase was observed (92), with 1000 
Mmits of .0«§5 atomic % Pt, 
At 900° c oreurs an orderedisorter traneformtion in the hete 
pheee, m4, Gn is the cuver] ttice: 1t is a OPH of the Mea of tyne, 
In the region 20630 atomic ¢ Pt thers is a new chase, Ary DM, 
whieh et lese than 860° ¢ hae a close packed structure: at erester 
than 600° 6 it becomes at soriercd (282). 
Amea2n 
In the range 26-3) % 2m iz a ehence of disordered to ordered 
lattice (Beta Seta one) taking place at 2006225" c, Similar to the 
«Beta brass structure, this alloy exhibit: the ordered BoC of the 
Ga CL type, 
. a, gana projeet, let us look briefly to the ef ect of the 
phenomenon on virious properties ef an alloy. 
Whe stored stete fie the one of lowest enercy, enercy 
a ve wuprtted to arente disorder, Durine diserdering, the 
thes “* }, An greeter then normals the velue at ese) tenrer ture 
ca the meteor deereare of orter with temversture, latent 
t te a nd by y weno oh eae net by others, Theory fs week 


, 2a resistance, Atnbelice induces creep, debeting the 


‘Magnetio properties are orderadenendont, The Hensler alloys 
_ besome ferromrnetic in the ordered stete, Diamagnetic susceti« 
_-Milfty Anereases for some alloys (6, @.. Aa Cag, Gu Pa) uron orders 
ao while it deere ses tr others (o.2., Au Cu), 
 Mhether of the lone or short-range tyre, ordering ts alweye 
| seomante a @immition of volume, 
‘ Young? Modulus tnere: ses with ordering in Cug Pi and Au Cus. 
be eatin’ in Au Ca and Gu Pa, Tistic eonmtants are eonsttive 
Cain lool order, 
LY | Moenntoa? Properties are ©1se altered when orderine oesure, 
Hardness, tensile strength, ané the elastic limit are generally ine 
. st a Aotormtion tends to destroy long«rance order, 
ee | Any paper aprrosehing . somplete analysis of the subject, orders 
- Atserter, would Of nesexsity C111 volumes, Sufeie~ it to say thet 
_ knowlede ah ‘theory of the phenomenon is at best in ite adolescence 
at MM . a work. ie, however, mking rarid et-tdes towrds oor-elme 
aad @xveriment, and cives vromise of rrovid'ne tn 9 few 
mowledee of the cuarlotttics eonsart, 2 
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